Occasional Papers 



Museum of Texas Tech University 

NUMBER 178 3 SEPTEMBER 1998 


ORGANIZATION OF REPETITIVE DNA IN THE 
PRIMITIVE REPTILE SPHENODON PUNCTATUS 

Ronald A. Van Den Bussche, Jonathan L. Longmise, 

Laura L. Janecek, and Robert J. Baker 


Understanding the relationships and evolution of 
organisms requires an understanding of the patterns of 
variation in characters that are used to define systematic 
relationships. Advances in molecular biology have per¬ 
mitted examinations of genome organization providing 
a wealth of additional taxonomic characters. Repetitive 
elements such as rDNA, minisatellites, microsatellites, 
and heterochromatin have been used to resolve both spe- 
cific and higher taxonomic levels (Amason et ah, 1978; 
Amason and Widegren, 1989; Baker et ah, 1997; 
Hamilton etal., 1990,1992; Longmire et ah, 1991; Love 
and Deininger, 1992; Macgregor and Sessions, 1986; 
Porter, 1994; Van Den Bussche et ah, 1993, 1995, in 
Press). To provide insights into the abundance and posi¬ 
tion of repetitive elements in the reptilian genome, we 
examined the relative copy number and frequency of co¬ 
occurrence of repetitive DNA in the tautara {Spheno¬ 
don punctatus ), which is considered by many reptilian 
systematists to be the most primitive extant reptile 
(Colbert and Morales, 1991). Using a cosmid genome 
library we estimate the presence and organization of re¬ 
petitive DNA in the Sphenodon genome. More specifi¬ 
cally, we have probed this library with five repetitive el¬ 
ements and genomic DNA from Crotalus , Alligator , 
Iguana , Chrysemys , Cynoscion , Falco, and Homo . This 


library^ is archived in the vital tissue collection of the 
Museum of Texas Tech University. 

Repetitive DNA can comprise a large proportion 
of the genome (Britten and Kohne, 1968; Hake and 
Walbott, 1980; Flavell etal., 1974;Miklos, 1985; Flavell, 
1986; Janecek et ah, 1993). The importance of some 
repetitive elements, such as the role of the ribosomal 
genes, is well documented (Gerbi, 1985). Some repeti¬ 
tive elements were previously thought to be examples of 
selfish DNA, such as the proposed precursors of rodent 
B I s (BC1 RNA) and primate Alus (BC200 RN A), have 
been interpreted as playing a role in translation in neural 
tissues (Brosius, 1991; Tiedge etal., 1992; Tiedge cl ah, 
1993). Repetitive DNA also has been postulated to play 
a role in chromosome evolution (Cooper, 1964; Pea¬ 
cock and Miklos, 1973; Vig, 1982; Bennett, 1984; 
Hamilton et ah, 1990; Hamilton et ah, 1992; Wichman 
et ah, 1992), regulation of gene expression (Spofford, 
1976), detennination of chromosome structure (Flavell, 
1983), genomic response to environmental and physi¬ 
ological stimuli (Cullis and Cleary, 1986 a,b; Kikuchi et 
ah, 1987; Zheng et ah, 1987), and organismal growth 
(Macgregor and Sessions, 1986). Finally, microsatellite 
loci have been shown to play a role in several human ge- 
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netic diseases (Heavneetal., 1992; La Spade etal., 1991; 
Morganic and Olureri, 1993). Therefore, the presence 
and organization of repetitive elements as well as the 


degree of conservation of DN A sequences among diverse 
taxa may be important for undestanding the evolution of 
eukaryotic genomes. 


MATERIALS AND METHODS 


CONSTRUCTION OF COSMID 
GENOMIC LIBRARY 

High molecular weight genomic DNA isolated 
from a male Sphenodonpunctatus (TK 27921) follow¬ 
ing the procedure of Longmire et ah (1991) was used to 
construct a cosmid library as described by Janecek et al. 
(1993) and Longmire et ah (1993). In general, this pro¬ 
cedure consists of partially digesting genomic DNA with 
the restriction endonuclease Sau$A\ and dephosphory- 
lating with calf intestinal alkaline phosphatase. Approxi¬ 
mately 0.5 g of dephosphorylated genomic DNA was li¬ 
gated with 1.0 g ofito/wHI cloning arms from the cosmid 
vector sCos-1 (Evans et al., 1989). In vitro packaging 
was earned out in Giga Pack Gold packaging extracts 
(Stratagene). Primary infection of E. coli host strain 
DH5 MCR yielded 1.6X 10 5 independent recombinants. 
Average size of inserts in recombinant cosmids was de¬ 
termined by digestion of 20 randomly selected primary 
clones withEcoRI, followed by electrophoresis within a 
0.7% agarose gel. Fragment sizes were determined from 
photographs of ethidium-stained bands and all bands were 
sized by comparing their mobility with two known size 
standards (bacteriophage- DNA digested with Hindlll 
and a 1 kb ladder). 

MOLECULAR CHARACTERIZATION 
OF REPETITIVE ELEMENTS IN THE TUATARA 
GENOMIC LIBRA R Y 

One thousand seven-hundred and twenty-eight in¬ 
dependent clones from the primary library were picked, 
grown, and archived in 96-well microtiter plates. A rep¬ 
lica plater (Sigma Chemical Co.) was used to inoculate 
nylon membranes (Biodyne B 0.45 micron) with clones 
from the microtiter plates. Membranes were incubated 
at 37°C for 7 h on LB agar containing kanamycin (30 g/ 
ml), transferred to LB agar containing kanamycin and 
chloramphenicol (170 g/ml; Sambrook et al., 1989), and 
grown at 37 °C overnight. DNA was fixed onto mem¬ 


branes by placing the membranes sequentially on blot¬ 
ting pads soaked in 0.4 M NaOH (5 min.), 0.5 M Tris-1.5 
M NaCl, pH 7.5 (5 min.), and 2X SSC (5 mm.), followed 
by baking at 80°C for 2 h. 

To estimate the relative abundance and composi¬ 
tion of repetitive DNA in the Sphenodon genome, sev¬ 
eral probes for families of repetitive DNA known to ex¬ 
ist in other vertebrate genomes were hybndized to the 
Sphenodon library. The abundance of dinucleotide 
microsatellite repeats was evaluated by using the oligo¬ 
nucleotide repeats (GT) n X (CA) n , (CT) n X (GA) n , (AT) fl 
X (TA) n , and (GC) h X (CG) n . These oligonucleotides 
were approximately 1.2 kb, purchased from Phannacia 
L1CB, and represent all possible dinucleotide repeats. 
Hereafter, these four dinucleotide microsatellites are 
referred to as (GT) n , (CT) n , (AT) n , and {GC\. Relative 
abundance of the rDNA cistron was estimated using a 
cloned fragment of the 28S subunit (pi 19) gene from 
Mus musculus (Amheim, 1979). The rDNA probe was 
isolated from the vector, electrophoresed on 0.8% low 
melting point agarose, and purified from the gel using 
Prep-A-Gene (BioRad Laboratories). The purified 2 8$ 
rDNA fragment was gel purified a second time to ensure 
that all vector DNA was removed from the sample. 

To evaluate the overall frequency of repetitive DNA 
in the cloned fragments, 1 g of Sphenodon genomic DNA 
was labeled by nick translation and hybridized to the li¬ 
brary. Because single and low copy DNA will be in low 
abundance in this sample of DNA, only DNA which is 
moderately to highly repetitive will produce detectable 
hybridization signal. Genomic DNAs also were isolated 
from tissue or blood from Crotalus atrox (western dia¬ 
mond back rattlesnake; TK 24446), Iguana , Chrysemys 
scripta elegans (red-eared slider; TK 32879), Cynoscton 
nebulosus (spotted sea trout; TK 32873), Falco 
peregrinus (peregrine falcon) and Homo sapiens (TK 
30732) using the techniques described above. Genomic 
DNA from Alligator sinans was donated by Dr. L. 
Densmore (Texas Tech University). 



VAN DEN BUSSCHE ET AL.— REPETITIVE DNA IN SPHENODONPUNCTATUS 


3 


Prior to hybridization, membranes were washed for 
1 h at 65 °C in 0.1X SSC, 0,1% SDS. Prehybridization 
was carried out at 65 °C for 1 h in 6X SSC, 40% 
formamide (Kodak), 1 % SDS, 0.005 M EDTA (pH 8.0), 
and 0.005 g/ml Carnation evaporated milk. Membranes 
were hybridized overnight at 42 °C in fresh 
prehybridization solution containing approximately 
1X10 6 cpm/ml probe. All probes were labeled with 
[Of 32 P]dCTP or [a 32 P]dATP by nick translation and the 
noruncorporated label was removed by spin column chro¬ 
matography (Sambrooketal., 1989). Prior to hybridiza¬ 
tion, probes were denatured for 10 min at 37°C in 0.1 M 
NaOH. Following hybridization, membranes were 
washed once for 15 min in 2X SSC, 0.1 % SDS at room 
temperature and twice for 15 min in 0.1X SSC, 0.1% 
SDS at 50°C. Washed membranes were autoradiographed 
at -80°C usmg Kodak XAR-5 film and two lightning plus 
intensifying screens. For each probe, all clones were 
scored on a scale of 0, representing no detectable hy¬ 
bridization, to 3, a completely black spot on an autorad¬ 
iograph, representing maximum detectable hybridization. 

LIMIT A TI ON SAND STRENGTHS 
OF THE METHODS 

It is generally assumed that a library constructed 
from genomic DNA provides an accurate representation 
of the genome of the organism from which the DNA 
originally was isolated. Two factors that can prevent a 
library from actually being representative of the 
organism’s genome are nonrandom distribution of re¬ 
striction sites for the enzyme chosen to digest the ge¬ 
nomic DNA and methylation of nucleotides within the 
recognition site of the chosen restriction endonuclease. 
Whereas it is not possible to eliminate potential sources 
of error completely, for the following reasons the con¬ 
struction of the Sphenodon library should be minimally 


affected by such factors. First, to eliminate the problem 
associated with a nonrandom distribution of restriction 
sites, we performed a partial digestion of the genomic 
DNA with i5iztt3AI, a restrictioin endonuclease that has a 
4 bp recognition sequence. Second, Sau3 AI was chosen 
to construct the library because this enzyme is not sen¬ 
sitive to methylation (Stratagene, La Jolla, Ca.). 

A second cautionary note must be made regarding 
our estimates of copy number of repetitive elements. 
First, copy number estimates for specific elements are 
always problematic because error can come from sev¬ 
eral sources. These sources of error for direct exami¬ 
nation of copy number can be attributed to DNA loading, 
stringency of hybridization and washes, as well as the 
efficiency of transfer of DNA in Southern blot experi¬ 
ments. In this study, we calculated copy number by as¬ 
suming that each clone contained a single copy of the 
particular element used as a probe and then extrapolated 
how many copies would be present in a complete ge¬ 
nome based on the amount of the genome the archived 
clones were estimated to represent. The approach of 
screening large insertcosmids to provide an estimate of 
copy number has the potential of providing an underesti¬ 
mate of the total copy number in that any recombinant 
cosmid could potentially contain more than a single copy 
of a repetitive sequence. Moreover, when genomic DNA 
is used as a probe, different clones will hybridize with 
vaiying intensity. This difference in intensity could be 
due either to relative copy number of the repetitive se¬ 
quence or the relative amount of divergence seen in that 
family of repetitive DNA. Therefore, copy number esti¬ 
mates from this approach must be considered as mini¬ 
mal, The advantage of using large insert recombinants 
(such as cosmids), however, is that this method provides 
a means to detect nonrandom associations of repetitive 
elements within the genome (Janecek et aL, 1993). 


RESULTS 


CHARA CTERJZA TJON OF THE 
SPHENODON GENOMIC LIBRARY 

Only 57 (3.3%) of the 1,728 cosmid clones 
screened in this study did not hybridize to any of the 13 
probes examined. Of these 57 clones, digestion with 
the restriction endonuclease suggested the ab¬ 


sence of an insert in tliree clones. These three colonies 
apparently did not contain a recombinant cosmid or failed 
to grow to a density that allowed detection of the re¬ 
combinant cosmid DNA using a standard miniprep pro¬ 
cedure, bringing the actual number of recombinant 
cosmids screened to 1,725. Minipreped DNAs from the 
remaining 54 repeat-negative clones were visible on an 
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ethidium-stained gel when digested with ZscoRI. Each 
clone was verified to have the 6.7 kb DNA fragment char¬ 
acteristic of the sCos-1 vector as well as additional bands 
totaling approximately 35 kb in size. 

The size of the Sphenodon DNA inserted into 20 
randomly-selected primary recombinant cosmids ranged 
from 25.8 - 50.1 kb, with a mean insert size of 39.5 kb. 
Based on this mean insert size, the 1,725 clones repre¬ 
sented 6.8 X 10 7 bp. Although no estimate for S. 
punctatus genome size exists, Dingerkus (1979) exam¬ 
ined the karyotypes of Sphenodon and postulated that, 
due to tandem gene duplications, the genome size of 
Sphenodon is larger than that of crocodilians and turtles. 
Based on this hypothesis and the observation that the 
genomes of crocodilians and turtles are approximately 
70% that of a typical mammal (Szarski, 1974; Dingerkus, 

1979) we can approximate the size of the Sphenodon 
genome as being essentially the same as that of a typical 
mammal (7.0 pg DNA/cell; Bachmann, 1972). Assum¬ 
ing a haploid genome size of 3 X 10 9 bp, the 6.8 X 10 7 bp 
represented by the 1,725 recombinant cosmids screened 
would represent approximately 2.3% of the S. punctatus 
genome. 

CHA RA CTER1ZA TJON OF REPETITIVE 
DNA IN THE GENOMIC LIBRAR Y 

Table 1 summarizes the number of clones from the 
Sphenodon library that hybridized to each of the 13 
probes used in this study. The four dinucleotide 
microsatellites used in this study varied greatly in their 
representation in the clones examined. Dinucleolides 
(GT) n and (CT) n hybridized to 1,229 (71.2%) and 543 
(31,5%) recombinant cosmids, respectively. For (GT) n , 
457 of the clones (37.2%) were scored as maximally 
hybridizing (score=3) whereas 314 (25.5%) of these 
clones were scored as 2 and 458 (37.3%) were assigned 
a score of L For (CT) n , 256 of the 543 clones (47.1 %) 
were scored as maximally hybridizing, 108 (19.9%) were 
assigned a score of 2, and 179 clones (33.0%) were 
scored as 1. A single recombinant cosmidhybndized to 
the dinucleotide (GC) n whereas, no hybridization was de¬ 
tected with either the dinucleotide (AT) n or the 28S rDNA 
subunit. 

Hybridization of the Sphenodon library with Sphe¬ 
nodon genomic DNA resulted in some degree of hy¬ 


bridization to 1,586 (91.9%) cosmid clones. Of these 
positive clones, 377 (23,8%) were scored as maximally 
hybridizing whereas 744 (46,9%) and 465 (29.3%) were 
assigned scores of 2 (medium intensity) and 1 (low in¬ 
tensity), respectively. When genomic DNA from repre¬ 
sentatives of other vertebrate classes was hybridized to 
the Sphenodon library, the percentage of clones pro¬ 
ducing detectable hybridization showed a reduction in 
hybridization compared to Sphenodon genomic DNA 
(Table 1). The mean percent hybridization for the class 
Reptilia is 46.9%, class Reptilia excluding Sphenodon , 
31.9%; class Pisces, 37.7%; class Aves, 37.7%, and class 
Mammalia, 20.2%. 

Paii-wise comparisons of all probes hybridized to 
the Sphenodon genomic library are presented in Table 
2. For all pairwise comparisons between Sphenodon 
genomic DNA and the dinucleotides (GT)^ and (CT) n , the 
occurrence of these probes was as expected based on 
their individual representation in the library. Addition¬ 
ally, all comparisons between Sphenodon genomic DNA 
and genomic DNA from the other seven vertebrates ex¬ 
amined in this study were as expected based on their in¬ 
dividual representation in the library. However, all other 
pairwise comparisons showed significantly higher co¬ 
occurrence than expected based on their individual rep¬ 
resentation in the Sphenodon library. 


Table 1 .— Representation of 13 probes in 
1,725 independent clones from a cosmid library con¬ 
structed from Sphenodon punctatus genomic DNA. Per¬ 
centages are shown in parentheses, some values do 
not total 100 due to rounding error. 


Probe 

Negative Clones 

Postitive clones 

rDNA 

1725(100.00) 

0 (0.00) 

(AT) n 

1725(100.00) 

0 (000) 

(gc\ 

1724(99.88) 

1 (0.001) 

(CTX 

1178(68.29) 

547(37.70) 

(GT) n 

512(29.68) 

1213(70.31) 

Sphenodon DNA 

138(8.00) 

1587 (92.00) 

Crotalus DNA 

739(42.84) 

986(5X16) 

Alligator DNA 

1294 (75.01) 

431 (24.99) 

Iguana DNA 

295 (75.05) 

430(24.93) 

Chrysemys DNA 

1368 (79.30) 

357(20.70) 

Cynoscion DNA 

1074(62.26) 

651 (3X74) 

Falco DNA 

1364(79.07) 

361 (20.93) 

Homo DNA 

1376(79.77) 

349(20.23) 



Table 2.— Pairwise comparison of the 10 probes producing detectable hybridization in the 1,825 cosmid clones from the genomic library of 
Sphenodon, Two probes [rDNA, (AT),J that failed to hybridize to any of the clones and the (GC) n in probe, which hybridized to a single cosmid clone, are 
not included. Above the diagonal: expected number for each pair ofprobes based on total occurrence in the 1,725 clones examined. Chi-square values 
at the 0.05 level are denoted by *. Below diagonal: observed numbers for each pair of probes; + indicates pairs ofprobes observed more often than 
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DISCUSSION 


Most estimations of the distribution and relative 
copy number of repetitive elements within eukaryotes 
have been conducted either by direct experimental meth¬ 
ods or by surveying DNA sequences deposited in major 
data banks (Hamada et al., 1982; Moyzis et al., 1989; 
Beckmann and Weber, 1992; Moran, 1993). Recently 
however, the relative abundance of total repetitive DNA 
and the four dinucleotide microsatellites have been esti¬ 
mated for a number of eukaryotes by screening cosmid 
libraries with large (>35 kb) inserts (Stallings et al., 1991; 
Janecek et al., 1993; Longmire, 1993; Porter, 1994; 
Baker etal., 1995; Van Den Bussche etal, 1995). Be¬ 
cause these studies used nearly identical techniques for 
the estimation of the relative frequency of total repeti¬ 
tive DNA and the four dinucleotide imcrosatellites, it 
allows for a direct comparison of the relative contribu¬ 
tion of these components to these diverse eukaryotic ge¬ 
nomes. Additionally, because a large number of inde¬ 
pendent cosmids were screened for all studies, it is pos¬ 
sible to calculate 95% confidence intervals for our esti¬ 
mation of the relative abundance of these various classes 
of repetitive DNA in each genome to determine statisti¬ 
cal significance using standard statistical parameters 
(Baker etal., 1995; Van Den Bussche etal., 1995). 

TOTAL REPETITIVE DNA 

When the Sphenodon library was probed with 
Sphenodon genomic DNA, approximately 8% of the 
1,725 clones produced no detectable levels of hybrid¬ 
ization. These clones represent the single to low copy 
DNA in the Sphenodon genome. The remaining 92% of 
the clones produced varying levels of hybridization and 
represent the highly repetitive, middle repetitive, and low 
repetitive DNA families. Although independent assess¬ 
ments on the relative contribution of these various 
classes of DNA in the Sphenodon genome based on 
reassociaton kinetics do not exist, Baker et al. (1995) 
have shown that estimates of these classes of DNA based 
on library screenings with genomic DNA produce nearly 
identical estimates to those obtained by reassociation 
kinetics for the upland cotton genome. Therefore, we 
conclude that the Sphenodon genome is comprised of 
approximately 8% unique and low copy sequences, 29.3% 
low copy repetitive DNA sequences, 46.9% middle re¬ 


petitive DNA sequences, and finally, 23.8% highly re¬ 
petitive sequences. 

MICROS A TELLITE SEQ UENCES 

Investigations into the frequency and distribution 
of the four dinucleotide microsatellites in various eu¬ 
karyotic genomes have revealed that such repeats are dis¬ 
tributed widely in the genome with little tendency to clus¬ 
ter together and that considerable variation exists among 
eukaryotes formicrosatelhte copy number (Hamada et 
al, 1982; Stallings etal, 1991; Janecek etal., 1993; Baker 
etal, 1995; Van Den Bussche etal, 1995). For example, 
(GT) n sequences vary from approximately 30,000 in the 
cow to 100,000 in Mus (Hamada et al, 1982). Hybrid¬ 
ization of the Sphenodon cosmid library with oligonucle¬ 
otide probes for the dinucleotide microsatellites (GT) n 
and (CT) r resulted in detectable levels of hybridization 
to 70% and 38% of the clones, respectively (Table 1). 
Assuming that 2.3% of the genome was examined, the 
Sphenodon genome contains approximately 54,000 
(GT) n and 24,000 (CT) n repetitive sequences (Table 3). 
As with other studies, the dinucleotide microsatellites 
(GC) n and (AT) n are rare in the Sphenodon genome in 
that hybridization to the 1,725 recombinant cosmids re¬ 
sulted in hybridization of the (GC) n probe to a single 
cosmid and no detectable hybridization with (AT) n (Table 
1). Table 3 lists the relative frequency of the dinucle¬ 
otide microsatellites (GT) n and (CT) n along with 95% 
confidence limits for several reptilian and mammalian 
genomes. As can be seen from this table, considerable 
variation exists within both Reptilia and Mammalia for 
the relative copy number of the dinucleotide 
microsatellites (GT) n and (CT) n . 

An alternative way of comparing the abundance of 
dinucleotide microsatellites in various genomes which 
takes into account the variation in genome size is by com¬ 
paring apparent interspersion frequencies. As with the 
estimates of relative abundance, considerable variation 
exists for interspersion frequencies in both Mammalia 
and Reptilia. Interspersion frequencies of (GT) n have been 
estimated as one (GT) repeat every 106 kb in Macrotus 
(Van Den Bussche et al, 1995), 54 kb in humans (Moyzis 
et al, 1989), 40 kb in Peromyscus (Janeceket al, 1993), 
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Table 3 .— Estimated copy number of 95% confidence intervalfor the relative 
abundance of the dinucleotide microsatellite repeats (GT) t and (CT) n for six verte¬ 
brate genomes based on screening cos mid libraries. 


Taxon 

<GT), 

(CT) n 

Genome Size 

Sphenodon 

54,106 ±1,639 

23,937 ±1,681 

3.00 X 10" bp 

Holbrookia 1 

16,733 ±2,447 

43,656 ± 3,573 

4.63 X 10"bp J 

Crotalus ] 

68,852 ±2,476 

36,743 ±2,438 

2.59 X 10 9 bp* 

Cnemidophorus 1 

20,160 ±2,090 

3,456 ±939 

2.49 X I0 9 bp* 

Macro t us 2 

22,239 ±1,488 

20,646 ± 1,460 

2.40 X 10 9 bp 2 

Peromyscus 3 

75,049 ±1,210 

50,832 ±1,851 

3.00 X 10 9 bp 3 

1 Porter ( 1994) 

2 Van Den Bussche et al. (1998) 

3 Janecek et al. (1993) 

* estimated genome size based on closely related taxa { Porter, 1994) 



21 kb in Rattus (Stallings et al., 1991), and 18 kb in Mus 
(Stallings et ak, 1992). Although comparable data cur¬ 
rently are not available for diverse reptiles, we can cal¬ 
culate apparent interspersion frequencies from the work 
of Porter (1994). For the three squamate reptilies, 
Cnemidophorus neomexicanus, Holhrookia metadata , 
and Crotalus atrox , the apparent interspersion frequency 
of (GT) n is one repeat sequence every 204 kb, 278 kb, 
and 38.4 kb, respectively, whereas within the Spheno- 
don genome we detected one (GT) n every 56 kb. This 
suggests that the distribution of (GT) n sequences in Crota¬ 
lus and Sphenodon are more similar to that seen in mam¬ 
mals than the distribution of this dinucleotide 
microsatellite in Cnemidophorus or Holbrookia. 

Although fewer genomes have been examined for 
the dinucleotide repeat (CT) , patterns similar to (GT) n , 
albeit slightly reduced, have been documented. For ex¬ 
ample, the apparent interspersion frequency of (CT) is 
one repeat sequence every 115 kb and 59 kb in the hap¬ 
loid genomes of the mammalian species M. waterhousii 
(Van Den Bussche ct al., 1995) and P. leucopus (Janecek 
et al., 1993), respectively. Within reptilian genomes, 
the apparent interspersion frequency of (CT) sequences 
is one repeat sequence every 1,200 kb in Cnemidophorus 
neomexicanus , 108 kb in Holbrookia maculata and 72 
kb in Crotalus atrox. Based on screening the Spheno¬ 
don library with the (CT) n oligonucleotide, we predict 
an interspersion frequency of one (CT) sequence every 
105 kb. Therefore, the distribution of (CT) n sequences 
in Holbrookia , Crotalus, and Sphenodon are more simi¬ 


lar to the distribution seen in mammals than to the dis¬ 
tribution seen in Cnemidophorus. Comparative results 
from this small sample of diverse reptiles and mammals 
are interpreted as indicating that the percentage of re¬ 
petitive DNA in the genome, as w r ell as copy number and 
interspersion frequencies of the microsatellites (GT) n 
and (CT), are highly variable. 

EXTENT OF SEQUENCES SHARED 
BETWEEN GENOMES 

The degree to which repetitive sequences are shared 
among eukaryotic genomes can provide valuable genetic 
markers for systematic studies (Amason et al., 1978; 
Amason and Widegren, 1989; Hamilton et al., 1990, 
1992; Love and Deininger, 1992; Van Den Bussche et 
al., 1993). Janecek etal. (1993) hybridized a P. leucopus 
library with radioactive ly labeled genomic DNA from 
the harvest mouse (Reithrodontomys), Mus , and human. 
They found the percentage of the library clones hybrid¬ 
izing with these genomic DNAs showed a trend of de¬ 
creasing percent hybridization with increasingphyloge- 
netic distance. Moreover, they determined that as the 
phylogenetic distance increased between genomic DNA 
in the library and probe DNA, an increasing number of 
cross hybridizing clones were accounted for by dinuclc- 
otide microsatellites. 

In addition to multiple representatives of the class 
Reptilia, we probed the S. punctatus cosmid library with 
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radioactively labeled genomic DNA from representatives 
of three other vertebrate classes (Table 1). As expected, 
the greatest hybridization to the S, punctatus library was 
observed with the S. punctatus genomic DNA as a probe. 
Only 8% of the 1,725 clones did not hybridize when ra¬ 
dioactively labeled Sphenodon genomic DNA was used 
as a probe. 

In general, hybridization to the S. punctatus ge¬ 
nomic library with genomic DNA from the other seven 
taxa listed in Table 1 showed a phylogenetic pattern, in 
which the percentage of recombinant cosmids that hy¬ 
bridized decreased with increasing phylogenetic distance. 
For example, when genomic DNA from Crotalus was 
used as a probe, 57% of the S. punctatus cosmid clones 
produced some level of hybridization. However, when 
genomic DNA from turtle, falcon, or human was used as 
a probe, only 20% of the clones produced detectable lev¬ 
els of hybridization (Table 1). The only probe that does 
not fit this general trend was genomic DNA from the 
spotted sea trout (Cynoscion), which hybndized to 37% 
of the S. punctatus cosmid clones. This value is higher 
than that detected with either alligator or iguana genomic 
DNA (Table 1). 

Based on hybridizations of the P. leucopus cosmid 
library with genomic DNA from phy logenetically diver¬ 
gent sources, Janecek et al. (1993) found that as the phy¬ 
logenetic distance between source of probe DNA and 
the DNA in the cosmid library increased, the presence 
of microsatellites accounted for a greater than expected 
percentage of the sequences that hybridized to a specific 
probe. In addition, as the level of hybridization of clones 


decreased for the entire library, the percentage of 
microsatellite positive clones increased. With the ex¬ 
ception of using Sphenodon genomic DNA as the source 
for a probe, there was a statistically significant relation¬ 
ship between the individual clones that hybridized to ge¬ 
nomic DNA and the presence of dinucleotide 
microsatellites in the recombinant cosmids ( Table 2). 
These results are compatible with the observation of 
Janecek et ah (1993) that with increasing phylogenetic 
distance between probe and library DNA, dinucleotide 
microsatellites in the genome account for a dispropor¬ 
tionately high number of positive hybridizations due to 
the ubiquitous presence of microsatellite sequences 
within vertebrate genomes. 

Considerable effort currently is being devoted to 
understanding the organization of the human genome. Al¬ 
though these efforts will provide valuable information 
for understanding the organization and distribution of re¬ 
petitive DNA and genetic diseases in humans, it is only 
through comparative studies on the organization of di¬ 
verse genomes that we will be able to understand the or¬ 
ganization of the eukaryotic genome and how it evolves. 
This study provides insight into the frequency, distribu¬ 
tion, and organization of repetitive DNA in the reptilian 
genome. However, to broaden our knowledge of organi¬ 
zation of the eukaryotic genome and the role that repeti¬ 
tive DNA may play in genome organization and evolu¬ 
tion, we ultimately will need additional comparative data 
from taxonomically diverse eukaryotes. Studies of this 
type will ultimately broaden our knowledge of the struc¬ 
tural and functional constraints affecting the organiza¬ 
tion and evolution of the eukaryotic genome. 
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